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Abstract

Resistant and generalized fear are hallmark symptoms of Post-Traumatic Stress Disorder (PTSD).
Given PTSD is highly comorbid with addiction disorders indicates a maladaptive interaction
between fear and reward circuits. To investigate learning processes underlying fear, reward and
safety, we trained male rats to discriminate among a fear cue paired with footshock, a reward cue
paired with sucrose and an explicit safety cue co-occurring with the fear cue in which no
footshocks were delivered. In an attempt to emulate aspects of PTSD, we pre-exposed male rats to
a stressor (15 unsignaled footshocks) before training them to fear, reward and safety cues, and
subsequent fear and reward extinction. Prior stress did not produce any significant impairments on
conditioned inhibition to a safety cue compared to non-stressed controls. However, in subsequent
fear extinction, prior stress profoundly impaired fear reduction to an extinguished fear cue. Prior
stress also significantly reduced reward seeking to a reward-associated cue throughout training.
Together, our data show that prior stress did not affect conditioned inhibition of fear to the same
extent as impairing fear extinction. These results have interesting implications on how safety
circuits are organized and impacted by stress, leading to possibly new avenues of research on
mechanisms of stress disorders, such as PTSD.
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1. Introduction

Persistent alterations to defensive and approach behaviors can occur after a traumatic event,
interfering with daily activities and well-being. Post-traumatic stress disorder (PTSD)
develops in up to 20 % of individuals exposed to a trauma [1]. Individuals with PTSD
display elevated defensive behaviors resistant to extinction/exposure therapy (reviewed in
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[2]), and to the fear-reducing effects of safety cues [3]. Many of these individuals also show
comorbidity with a substance-use disorder [4]; these individuals also seem particularly
resistant to treatment [5]. Thus, the ability to adaptively regulate fear, safety and reward
behaviors can be strongly influenced by stress.

Behavioral therapy for anxiety and addiction disorders often involves repeated unreinforced
exposures to the fear- or reward-related cue, a procedure known as extinction. Extinction of
a fear-related cue is related to but distinct from safety conditioning, a form of conditioned
inhibition (reviewed in [6,7]). During conditioned inhibition training, a safety cue in
conjunction with a fear cue signifies no aversive outcome whereas the fear cue on its own
does result in an aversive outcome. If a safety cue can inhibit the excitatory fear response
elicited by a fear cue and displays retarded acquisition of aversive valence when later paired
with the aversive outcome, it has passed both the summation and retardation of acquisition
tests, respectively, and can be classified as a conditioned inhibitor [8].

Our previous studies [9-13] have shown male Long Evans rats readily learned to suppress
fear responding to a learned fear cue if in the presence of a safety cue. They also did not
develop a fear response to the safety cue when it was later paired with shock [9], thus
classifying the safety cue as a conditioned inhibitor. Using this paradigm, we have shown
this conditioned inhibition of fear requires the infralimbic region of the prefrontal cortex
(IL) [10], is disrupted when D1-receptor mediated dopamine signaling in the basolateral
amygdala is altered [12], and that individual neurons in the basal amygdala display safety-
specific responding [9]. We have also shown that a subset of safety-specific amygdala
neurons became responsive to the fear cue upon fear extinction as fear behavior decreased
[14]. However, we have yet to explore the effects of a prior stressor on this adaptive
behavior. In an attempt to emulate aspects of PTSD, we exposed male rats to a stressor
before training them to fear, reward and safety cues, and subsequent fear and reward
extinction.

One model, stress-enhanced fear learning (SEFL), has been shown to accelerate fear
learning that is also resistant to extinction [15-17], modeling key symptoms seen in PTSD.
SEFL has also been shown to produce long-lasting nonassociative sensitization resulting in
fear learning to a conditioning procedure that normally does not produce a fear memory
[18]. Moreover, SEFL has been shown to increase voluntary alcohol intake [19], making it a
potentially useful tool to interrogate mechanisms of anxiety and addiction comorbidity. Due
to the demonstrated effects this paradigm has on fear and reward-seeking expression, we
utilized this procedure in assessing how prior stress can affect conditioned inhibition of fear
and fear extinction within the same animal. Our data show that prior stress did not affect
conditioned inhibition of fear but did severely impair fear extinction, while also reducing
reward seeking.

Materials and methods

2.1. Subjects

A total of 36 adult male Long Evans rats (Blue Spruce; Envigo, Indianapolis), were single-
housed and handled for 1 week prior to testing. Female rats were not used in the present
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study because we have previously shown that females, in this paradigm, did not show
conditioned inhibition of fear or fear extinction without any prior stress [13]. All procedures
were performed during the light cycle and approved by the Purdue Animal Care and Use
Committee. Rats had ad libitum access to food and water throughout.

Behavioral apparatus

Training chambers were Plexiglas boxes (32 cm length x25 cm width x30 cm height)
encased in sound-attenuating chambers (Med Associates, ST Albans, VT). 10 % liquid
sucrose was delivered through a recessed port in the center of one wall. Port entries and exits
were monitored through an infrared beam. Two lights (28v, 100 mA) located on either side
of the port served as the 20 s continuous light cue. A house light (28v, 100 mA) at the top of
the wall opposite the port provided constant illumination in context B. Auditory cues were
delivered via a “tweeter” speaker (ENV-224BM) located at the top of the same wall as the
port. A grid floor delivered footshocks via a constant current aversive stimulator
(ENV-4145S). A side-view video camera located on the door of the sound-attenuating cubicle
recorded behavior for offline video analyses.

2.3. Behavioral paradigm

2.3.1. Prior stress (context A)—During stress exposure, rats were placed in training
chambers for a total of 90 min with the house light off and a vanilla odor present. A
Plexiglas wall insert was placed in front of the wall containing the reward port so the rats did
not have access to the reward port. Sucrose was not present in the pump lines leading to the
reward port so rats could not smell sucrose during this session. Rats assigned to the stress
group (n = 18) received 15 unsignaled footshocks (1.0 mA, 0.5 s, ITI 2-2.5 min.) throughout
the session. Rats assigned to the control group (n = 18) received no footshocks. Videos were
not collected in context A. All subsequent training sessions (reward, habituation, DC and
extinction) took place in context B, described below.

2.3.2. Reward and habituation training (context B)—Stress (or associated control)
was followed 1d later by a total of 5 reward sessions (R1-R5) administered on separate days
in context B. Context B consisted of no specific odor with the house light turned on for the
entire session. Access to the reward port was unrestricted and sucrose was present in the
pump lines. Each session consisted of 25 paired presentations of a 20 s reward cue witha 3 s
delivery of a 10 % sucrose solution (100 pL) into the port accessible to the animals. Sucrose
delivery initiated pseudorandomly 10-20 s after reward cue onset. The intertrial interval
(ITI) was 90-130 s. After the last reward session, rats received an additional reward session
with included an additional 5 trials of the future fear cue, unreinforced, and 5 trials of the
future safety cue (ITI, 90-130 s). This session, habituation (HAB), allowed the rats to
habituate to the novel cues and reduce any baseline freezing to these cues without producing
latent inhibition [9].

2.3.3. Discriminative conditioning (DC) sessions (context B)—One day after
habituation, rats received four sessions of discriminative conditioning (DC). Within the DC
sessions, rats were exposed to four different trial types: reward cue + sucrose, fear cue +
footshock, safety cue, and fear + safety cues. Each session consisted of 15 trials of the
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reward cue-sucrose pairing (20 s 3 kHz continuous auditory cue + 3 s sucrose delivery
initiated 18 s after cue onset), 4 trials of fear cue-footshock pairings (20 s 11 kHz pulsing
auditory cue +.45 mA footshock, 0.5 s at cue offset), 15 trials of simultaneous presentation
of the 20 s fear and safety cues (11 kHz pulsing auditory cue + 2 lights on the sides of the
port) without footshock, and 10 trials of the 20 s safety cue presented alone (2 lights on the
sides of the port) without footshock. Trials were presented in a pseudorandom order (ITI
100-140 s). These cues were not counter-balanced for this study; our previous data have
showed no differences in learning acquisition among these cues [9,13].

2.3.4. Extinction training & test (context B)—Extinction training was administered
one day after the final DC session. This session exposed animals to a total of 40 trials: 20
trials of the 20 s reward cue and 20 trials of the 20 s fear cue without sucrose or footshock
delivery (ITI, 90-140 s), presented in a pseudorandom order. The extinction test was
administered one day after extinction training and involved a total of 30 presentations of the
4 trial types presented in the DC sessions, each lasting 20 s. Similar to extinction training,
the reward and fear cues were unreinforced during the extinction test and consisted of 10
trials of the reward cue, 10 trials of the fear cue, 5 trials of the fear + safety cue, and 5 trials
of the safety cue, delivered in a pseudorandom order. The purpose of this test was to a)
assess for reward and fear extinction memory and b) assess how extinction training affected
responding to the safety cue.

2.4. Data analyses

Fear behavior was assessed offline from videos, by measuring freezing behavior of the rat,
defined as complete immobility with the exception of respiratory movements, which is an
innate defensive behavior [20,21]. Contextual freezing was calculated by quantifying the
total time spent freezing during the first 5 min of reward session 1 (R1) before any cue
presentations; data were expressed as percentage of time freezing (+/— SEM). Differences in
contextual freezing were assessed with an unpaired £test between control and stress groups.
For cued freezing, the total time spent freezing during the presentation of each 20 s cue was
quantified and expressed as percentage of time freezing (+/— SEM). Reward behavior was
assessed by measuring the time spent inside the reward port, as well as when the nose of the
animal was positioned towards the entrance of the port in response to each 20 s cue.
Behavioral scoring was conducted by hand and completed by multiple scorers and Pearson’s
correlations of behavioral values between scorers were greater than r = 0.80. Behavioral data
were analyzed with two-way repeated measures ANOVAs followed by post Aoc Dunnett’s or
Sidak’s multiple comparisons tests with GraphPad Prism 7.

3. Results

3.1.

Prior stress increased contextual freezing to the novel context

We first tested whether or not this particular stress exposure increased contextual freezing to
the novel context. Male rats were either exposed to 15 1.0 mA footshocks in context A
(stress, n = 18), or to just the context (control, n = 18) (Fig. 1). One day later rats were
placed in a novel context (context B) for the first reward session (R1), and contextual
freezing was measured during the first 5 min prior to any cue presentation. Averaged percent
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time freezing during the first 5 min of R1 was significantly higher in the stress group
compared to the control group (unpaired #test, p < 0.0001). Looking at the individual data
points revealed the majority of the stress rats showed 20-60 % freezing to context B.
Interestingly some rats showed very high (~80 %) fear generalization to context B and some
showed very little (< 10 %).

Prior stress reduced reward seeking during early reward training

One day after the stress, or control, procedure all rats underwent 5 reward training sessions
in which the reward cue was paired with sucrose delivery. This was followed by 1
habituation session that included reward cue-sucrose pairings as well as 5 presentations of
the future fear and safety cues, one auditory cue and one light cue

The percent time spent at or in the reward port during each reward cue across each reward
and habituation session was quantified (Fig. 2B). A two-way repeated measures ANOVA
showed a significant stress by session interaction (F(s 170) = 2.99, p = 0.01) and significant
main effects of stress (F(q, 34) = 10.15, p = 0.003) and session (F(s, 170) = 25.61, p < 0.0001).
Rats that were previously stressed showed significantly lower reward seeking than controls
during the reward cue during sessions R1, R4 and R5 (post hoc Sidak’s: p < 0.0001, p =
0.03, p = 0.04, respectively). The averaged percent time spent in/at the reward port was also
calculated for the entire session regardless of cue presentation (Fig. 2C), to assess if reward
seeking was also reduced outside of the cue presentation. A two-way repeated measures
ANOVA again showed a significant stress by session interaction (Fs, 170) = 20.03, p <
0.0001) and significant main effects of stress (F(1, 34) = 11.22, p = 0.002) and session

(F5, 170) = 2.64, p = 0.03). The stress group showed significantly lower reward seeking
during R1 (p < 0.0001), with no significant differences from controls in subsequent sessions.
Thus, with the exception of the first reward session (R1, Fig. 2C), the stress group did not
show any differences in reward seeking outside of the cue presentation. Taken together, these
data indicate prior stress reduced reward seeking during the reward cue, particularly in the
first session.

In our previous studies [9-13], we included a habituation session where the future fear and
safety cues were presented 5 times each to reduce any baseline freezing that might occur to
the novel cues before discriminative conditioning. To be consistent with our prior work, we
included a habituation session in the current study. During habituation, the percent time
spent at or in the reward port, and the percent time freezing, were analyzed during the
presentation of the future fear and safety cues. Two-way repeated measures ANOVAS on
port behavior and freezing showed significant stress by cue interactions for both behaviors
(F@, 30) = 10.27, p = 0.003, F(1, 30) = 6.82, p = 0.01, respectively) and main effects of stress
(F@, 30) = 6.13, p = 0.02) and cue (F(1, 30) = 41.01, p < 0.0001) for port behavior. Both
groups showed higher port behavior to the auditory cue than the light cue (post hoc Sidak’s:
controls, p < 0.0001; stress, p = 0.04), likely reflecting that the reward cue was also an
auditory cue. There were no significant differences in freezing levels to the auditory cue
versus light cue within the control (p = 0.22) or stress (p = 0.08) group.
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3.3. Prior stress reduced reward seeking during discriminative conditioning

During each of the 4 discriminative conditioning sessions, rats were presented with four
types of cued trials: reward cue-sucrose, fear cue-shock, fear + safety cue with no footshock,
and the safety cue presented alone without footshock. Again, time spent in/at the port was
quantified to assess reward seeking (Fig. 3B).

Two-way repeated measures ANOVAS on percent time in/at the port during each cue and 5
min cue-free baseline (BL) period for each of the 4 discriminative conditioning (DC)
sessions, showed significant stress by cue interactions for each session, and significant main
effects of stress for each session and cue for each session (Table 1). Both groups showed
significantly higher reward seeking to the reward cue compared to all other cues in every DC
session (post hoc Dunnett’s multiple comparisons test, DC1-4 p < 0.0001). However, the
stress group showed significantly lower reward seeking during the reward cue compared to
the control group in every DC session (post hoc Sidak’s multiple comparisons test: DC1 p <
0.001, DC2 p < 0.0001, DC3 p < 0.01, DC4 p < 0.0001).

These data show that the reduced levels of reward seeking in the stress group that was seen
in reward pre-training not only persisted into discriminative conditioning sessions but
became even more pronounced, likely to the presence of fear cue-shock trials. Despite the
lower levels of reward seeking, the stress group still showed significantly higher reward
seeking during the reward cue compared to the other cues, indicating intact reward
discrimination.

3.4. Prior stress did not affect conditioned inhibition of freezing

During each of the discriminative conditioning sessions, freezing levels were also assessed
during each cue (Fig. 3C). Two-way repeated measures ANOVAS on percent freezing during
each cue and 5 min cue-free baseline (BL) period for each of the 4 discriminative
conditioning (DC) sessions, did not show significant stress by cue interactions for any
session but did show main effects of cue for every session (Table 1). There was also a main
effect of stress during DC1 (Table 1); the stress group showed higher freezing levels
compared to the control group. During DC2-4 both groups showed higher freezing to the
fear cue over all other cues (post hoc Dunnett’s multiple comparisons tests, p < 0.05),
indicating the prior stress did not affect conditioned inhibition of freezing to the fear cue in
the presence of a safety cue.

These data suggest that prior stress did not significantly impair the ability to suppress fear in
response to a safety cue or reward discrimination. Because conditioned inhibition of fear
was not significantly impaired, we also examined how fear reduction via fear extinction
would be affected.

3.5. Prior stress significantly impaired subsequent fear extinction

One day after DC4 all rats received 1 session of extinction training in which both the fear
and reward cues were extinguished within the same session (Fig. 4Bi, Ci). One day later all
rats received an extinction test where all cues were presented (Fig. 4Bii, Cii).
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A two-way repeated measures ANOVA on percent time spent in/at the port during each
reward cue trial during extinction training, as well as a 5 min baseline (BL) period at the
beginning of the session, did not show a significant stress by trial interaction (F20,600) =
1.36, p = 0.14) or main effect of stress (F(1,30) = 0.80, p = 0.38), but did show a main effect
of trial (F(20,600) = 1.87, p = 0.01). Overall there were no differences in reward seeking
between the stress and control groups during extinction training (Fig. 4). For the extinction
test one day later a two-way repeated measures ANOVA on percent time spent in/at the port
during each cue and BL period did not show a significant stress by trial interaction (F 4,120
=2.30, p = 0.06) or main effect of stress (F(1 30) = 1.66, p = 0.21). However, there was a
main effect of cue (F4,120) = 14.69, p < 0.0001); there was more reward seeking during the
reward cue compared to the other cues and BL.

During extinction training, a significant stress by trial interaction (F(20,600) = 7.21, p <
0.0001), and main effects of stress (F(y 39) = 52.13, p < 0.0001) and trial (F(20,600) = 46.71, p
< 0.0001), were found on percent time freezing during each fear cue trial and 5 min baseline
(BL) period. Compared to trial 1, control animals showed significantly reduced freezing
during trials 8-20 (post hoc Dunnett’s: trials 8 and 10, p < 0.05; trial 9, p < 0.01; trial 11, p <
0.001; trials 12—20, p < 0.0001), as well as compared to BL (p < 0.0001). Compared to trial
1, the BL of the stress and control groups were significantly lower (p < 0.0001). However,
freezing levels in the stress group did not significantly decrease at any time point after trial
1, demonstrating a lack of fear extinction. The stress group also showed significantly higher
freezing levels than the control group for every trial except trials 2 and 3 (post hoc
Bonferroni’s: trials 1, 5 and 6, p < 0.05; trial 7, p < 0.01; trial 4, p < 0.001; trials 8-20, p <
0.0001). For the extinction test one day later, a significant stress by cue interaction (F4, 120)
=9.27, p <0.0001), and main effects of cue (F(4, 120) = 124.4, p < 0.0001) and stress (F(y,30)
=15.33, p = 0.0005) were found on the percent time freezing during each cue and BL
period. Freezing was significantly higher in the stress group compared to the control group
during the fear (p < 0.0001) and fear + safety (p < 0.0001) cues. The control group showed
comparable freezing levels to the fear and fear + safety cues, and freezing to the fear cue
was significantly higher than BL, and during the reward and safety cues (post hoc Dunnett’s,
p < 0.0001). In the stress group, freezing was significantly higher to the fear cue than BL (p
< 0.0001), reward cue (p < 0.0001, fear + safety cue (p < 0.01), and safety cue (p < 0.0001).
Thus, even though extinction of freezing to the fear cue was not apparent in the stress group,
there was significant inhibition of freezing during the fear + safety cue, indicating intact
conditioned inhibition.

4. Discussion

In this study, we investigated the effect of prior stress on reward seeking, conditioned
inhibition of fear and fear extinction in a paradigm that includes cued reward, fear and safety
trials. Overall, we found prior stress greatly reduced reward seeking early in reward pre-
training (R1) and throughout the discriminative conditioning (DC) sessions. Interestingly,
we found no effect of prior stress on conditioned inhibition of fear in response to a safety
cue but a clear impairment on extinction of cued fear. During a test for fear extinction,
animals with prior stress still showed high levels to the fear cue and, interestingly, still
showed significant suppression of fear to the fear cue when in the presence of the safety cue.
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Together, our data show that prior stress did not affect conditioned inhibition of fear but did
severely impair fear extinction.

Based on prior literature using this particular stress exposure, termed ‘stress-enhanced fear
learning (SEFL)’ [15,16,18,22], we expected to observe a failure to downregulate freezing in
response to the fear cue when in the presence of the safety cue; i.e. a lack of conditioned
inhibition. Most of the prior research using SEFL to investigate alterations in fear regulation
have done so by assessing its impact on contextual fear conditioning (reviewed in [17],
whereas our study assessed cue-induced fear during conditioned inhibition and extinction.
Most striking in our results was the reduction in freezing to the fear cue when the safety cue
was also present, but the absolute lack of reduced freezing to the fear cue across extinction
in the prior stress group. We hypothesize that animals that received the prior stress can
effectively learn about explicit safety cues that are always associated with safety, as was the
case in our study. However, they are not as adept at learning to modify their fear response to
an already learned fear cue, resulting in the lack of fear extinction.

This dissociation between conditioned inhibition of fear and fear extinction after prior stress
is potentially very interesting. To our knowledge, no other study has compared these two
types of inhibitory learning against each other. In our paradigm, one situation ties an explicit
cue (safety cue) with an expected outcome (no footshock), but in the other, the expectancy
needs to be updated in response to extinction training, from fear cue predicting shock to fear
cue predicting no shock. These data do seem to be at odds with findings in individuals with
PTSD that do not show conditioned inhibition when a fear and safety cue are co-presented
[3]. One obvious difference between the clinical data and ours is the age of the trauma/stress
memory. Individuals diagnosed with PTSD often do not receive treatment until many weeks
after the trauma, sometimes years [23]. Perhaps our conditioned inhibition results would
differ if we increased the time between the stress exposure and the beginning of reward
training. Regardless, it is very striking that on one day the prior stress group showed reduced
freezing to the safety cue but on the very next day they did not show any reduction of
freezing during extinction of the fear cue. Then one day after this extinction training, they
once again showed reduced freezing to the fear + safety cue but an unextinguished fear
response to the fear cue. This demonstrates that age of the trauma memory alone cannot
explain the differences seen in our study.

Not only did prior stress not affect freezing to the fear + safety cue, it also had no observable
effect on fear versus safety cue discrimination. Several groups study safety learning by
assessing how well an animal discriminates between a fear cue (CS+) and safety cue (CS-)
(reviewed in [7]). It is important to note that a safety cue that is well discriminated from a
fear cue does not necessarily guarantee that the safety cue will act as a conditioned inhibitor.
This can only be tested by directly pitting it against a fear cue to determine if the fear
elicited by the fear cue is inhibited by the safety cue, like we tested here. To reinforce this
point, individuals with PTSD have been shown to discriminate between fear and safety cues
presented separately, but fail to inhibit their fear potentiated startle response when they are
presented in compound [24].

Behav Brain Res. Author manuscript; available in PMC 2021 March 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Woon et al. Page 9

Prior stress also had interesting implications for reward seeking behavior, in which it was
significantly reduced during the first reward session (R1) and then increased to almost match
controls by the fifth reward session (R5). During the stress session, the reward port was
physically blocked off with no sucrose present, preventing rats from associating reward-
relevant contextual cues with the stress context. However, there was clear generalization of
fear to context B in most of the animals, as seen during the first 5 min of the first reward
session (Fig. 1), which may have conflicted with approach behavior to the reward port,
impeding reward acquisition. Alternatively, or in parallel, the generalized fear in the stress
group may be itself serving as an aversive unconditioned stimulus that then becomes
associated with the appetitive sucrose reward being presented during the reward sessions;
this second-order type of conditioning effect would then reduce, or conflict with, the
rewarding properties of the sucrose and affect approach behavior. As the 5 reward sessions
progressed, animals with prior stress may have learned to increase their reward seeking
behavior as they concurrently learned these reward sessions did not contain footshocks. This
in of itself may suggest that extinction of generalized fear that was induced by the novel
context was occurring in these animals. Then, in response to DC1, with the introduction of
cued footshocks, reward seeking once again decreased for all DC sessions in animals that
received prior stress. So, despite showing unaffected conditioned inhibition, animals with
prior stress did show reduced reward seeking during the same sessions, indicating their
behavior was negatively affected.

Patients suffering from PTSD are impaired in both fear extinction and safety conditioning
(reviewed in [2]). In an attempt to emulate aspects of PTSD in humans, the present study
utilized the SEFL procedure to expose male rats to unsignaled footshocks prior to training
them to discriminate among fear, reward and safety cues followed by fear and reward
extinction. Our data showed that prior stress impaired fear extinction but not conditioned
inhibition. Since these are two types of inhibitory learning, these results have interesting
implications on how safety circuits are organized and impacted by stress, leading to possible
new avenues of research on mechanisms and treatment options for stress disorders, such as
PTSD.
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Fig. 1.

Pr?or stress elevated contextual freezing levels in a novel context. Rats that were previously
exposed to 15 1.0 mA shocks in context A showed significantly elevated contextual freezing
levels 1 day later in context B. Control rats were placed in context A without shocks.
Averaged percent time freezing for the first 5 min is shown of the first reward session (R1)
before any cue presentations. Rats that were previously stressed showed significantly higher
contextual freezing than control rats. Means +/— SEM. ###p < 0.0001.
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Fig. 2.

Prior stress reduced reward seeking during reward pre-training. (A) Schematic depicting
experimental outline. During reward pre-training and habituation sessions, rats received 25
cue-sucrose pairings per session. (B) Averaged percent time spent in the reward port during
the reward cue for the five reward pre-training sessions (R1-5) and habituation session
(HAB). Rats that were previously stressed showed lower reward seeking during the reward
cue. (C) Averaged percent time spent in the reward port for each entire session, regardless of
reward cue presentation. Rats that were previously stressed showed significantly lower
reward seeking during R1, but then were not significantly different from controls afterwards.
Means + SEM. *p < 0.05, ****p < 0.0001, between group comparisons.
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Fig. 3.
Prior stress reduced reward seeking during discriminative conditioning but did not affect

conditioned inhibition of freezing. (A) Schematic depicting experimental outline. During the
4 DC sessions, rats were presented with four types of cued trials: reward cue-sucrose, fear
cue-shock, fear + sfety cue with no footshock, and the safety cue presented alone without
footshock. (B) Averaged percent time spent in the port during each cue across the 4 DC
sessions, as well as a 5 min baseline (BL) period at the beginning of each session. Both
groups showed significantly higher reward seeking to the reward cue compared to all other
cues. However, rats that were previously stressed showed significantly lower reward seeking
during the reward cue compared to controls. Means + SEM. #p < 0.05, ####p < 0.0001
within cue, between group comparison. **p < 0.01, ***p < 0.001, ****p < 0.0001 within
group, between cue comparison. (C) Averaged percent time spent freezing during each cue
across the 4 DC sessions, as well as a 5 min baseline (BL) period at the beginning of each
session. During DC2-4 both groups showed significantly higher freezing to the fear cue over
all other cues. *p < 0.05, **p < 0.01, ****p < 0.0001 within group, compared to fear cue.
Means + SEM.

Behav Brain Res. Author manuscript; available in PMC 2021 March 02.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Woon et al.

Page 15

Extinction Test
Extinction Training 1 Session (context B)
1 Session (context B) reward cue %@
reward cue >0 | fear cue »@
fear cue @ fear+safety cue »@
day 12 safety cue »@
day 13
Bi
25 -O- control
- stress
A
20
AAAA
+ 157
o
Q
R
107
5
BL 2 4 6 8 10 12 14 16 18 20 g baseline reward fear fear+ safety
trial number safety
Cii
100, E=control
Elistress

BL 2 4 6 8 10 12 14 16 18 20 0 baseline reward fear fear+ safety
trial number safety

Fig. 4.
Prior stress impaired subsequent fear extinction. (A) Schematic depicting experimental

outline. One day after DC4 all rats received 1 session of extinction training in which both the
fear and reward cues were extinguished within the same session. One day later all rats
received an extinction test where all cues were presented. (Bi) Averaged percent time spent
in the port during each reward cue presentation during extinction training as well as a 5 min
baseline (BL) period at the beginning of the session. Main effect of trial *p < 0.05. (Bii)
Averaged percent time spent in the port during each cue 1 day after extinction training. Main
effect of cue “p < 0.0001. (Ci) Averaged percent time spent freezing during each fear cue
presentation during extinction training as well as a 5 min baseline (BL) period at the
beginning of the session. Compared to trial 1, control animals showed significantly reduced
freezing during trials 8-20 (*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001). Freezing
levels in the stress group did not significantly decrease at any time point. The stress group
also showed significantly higher freezing levels than the control group for every trial except
trials 2 and 3 (#p < 0.05, ##p < 0.01, ###p < 0.001, ##H#p < 0.0001). (Cii) Averaged percent
time spent freezing during each cue 1 day after extinction training. Freezing in the stress
group was significantly higher than controls during the fear and fear + safety cues (####p <
0.0001). The stress group also showed significantly lower freezing to all cues compared to
the fear cue (**p < 0.01, ****p < 0.0001), indicating intact conditioned inhibition. Means +/
- SEM.
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